Earlier studies have reported on both proinflammatory and anti-inflammatory activities of cholera toxin (CT).
INTRODUCTION
Most adjuvants have a microbial origin, and it is considered that much of their efficacy relates to the degree of inflammation induced at the site of administration. 1 The struggle to identify novel vaccine adjuvants has resulted in a large plethora of candidates with very diverse functions. However, the mechanism by which these candidates act on the immune system, and in particular their stimulating effect on innate immunity, has been studied inadequately. 2 In descriptive terms, their effects on costimulatory molecules, and cytokine and chemokine production have been documented, but their global effects on gene transcription and the complex regulatory machinery in the cell that leads to enhanced immune responses, are poorly understood. 3 Some adjuvant formulations containing lipopolysaccharide (LPS) or bacterial CpG oligodeoxynucleotide, are known to act through Toll-like receptors, a family of pattern-recognition receptors present on dendritic cells (DCs), macrophages, and B cells, and in this respect, their global effects have been established or could be potentially predicted. 4 Other adjuvants, such as the powerful enteroxins, cholera toxin (CT) and the closely related Escherichia coli heat labile toxin, which bind to ganglioside receptors on the cell membrane of all nucleated cells, have strong immunoenhancing effects on both systemic and mucosal immune responses. 1 This makes them interesting candidates for mucosal vaccine deve lopment. 5 These toxins are AB 5 complexes that carry an adenosine diphosphateribosylating function in the A1 subunit and receptor-binding properties in B subunits. 6 Thus, the optimal immunomodulating effect is dependent on both binding and enzymatic activities, although enzymatically killed mutants have been found to host partial adjuvant activity. 7 The A1 subunit adenosine diphosphate ribosylates Gs in the cell membrane, which results in adenylate cyclase activation and subsequent increase in intracellular cAMP. This intracellular second messenger is well known to ARTICLES regulate gene expression at the transcriptional level and could be important for the adjuvant function. 8 We, along with others, have previously studied the immunomodulating function of CT on B lymphocytes and found evidence for direct effects on isotype-switch differentiation and expression of costimulatory molecules. 9 Interestingly, CT strongly promoted sterile RNA transcripts and switching to IgG1 and IgE in interleukin (IL)-4 plus LPS-exposed murine IgM + B cells, suggesting that CT affected gene transcription. 10 Moreover, the expression of costimulatory molecules CD40, CD80, and CD86 was found to be strongly enhanced in B cells, macrophages, and DCs after stimulation with CT. 11, 12 In addition, the holotoxin has been found to upregulate mRNA expression of several cytokine and chemokine and chemokine receptor genes, such as CXCR4, CCR7, IL-10, IL-6, and IL-1, in classical antigen presenting cell (APC). 12 -14 In contrast, IL-12 expression was reduced by CT in DCs or macrophages. 15 Thus, there is evidence that both anti-inflammatory and proinflammatory response patterns are supported by CT. At present, we do not know how to reconcile these effects with the strong immunoenhancing effects on antibody production, CD4 + T-cell priming, and cytotoxic T lymphocytes (CTL) stimulation, seen with CT adjuvant in vivo .
The signal transducer and activator of transcription (STAT) family of proteins are key players in the regulation of many immune processes. 16 These are the main mediators of cytokine signaling and are activated by the phosphorylation of tyrosine residues by Jak kinases associated with cytokine receptors. In particular, STAT3 has been found to not only host a critical function as a mediator of anti-inflammation affecting the function of DCs, macrophages, and neutrophils but also to be critically involved in the differentiation of both activated T and B cells. 17 The fact that STAT3 could mediate very diverse functions in different tissues from driving inflammation by augmenting Th17 differentiation in one tissue to promoting tolerance and antiinflammation in another tissue makes this regulatory pathway especially interesting from an adjuvant point of view. 18, 19 We, therefore, speculated that the activation of members of such a gene family could account for the seemingly conflicting evidence of CT-mediated proinflammatory and anti-inflammatory effects found in the literature. Moreover, recent studies have shown that STAT3 is involved in not only the early development of B cells but also in the activation, survival, and terminal differentiation into plasma cells. 20, 21 One strategy to dissect and study the complex interactions between adjuvants and innate immunity is to perform global gene expression profiling analysis. 22, 23 Although Yang and coworkers have reported effects of CT on gene expression in mixed populations of human lymphocytes and monocytes, we lack a detailed analysis of gene expression profiles in well-defined cell populations after CT exposure. 24 In fact, very few adjuvants, except for LPS and CpG, have been subjected to analysis of global gene expression in targeted cells. Such information would be a powerful tool in the search for adjuvant mechanisms and aid in the design of novel adjuvants. It would also allow us to categorize the different adjuvant substances better into functionally defined groups. On the basis of such knowledge, the rational development of novel adjuvants could be undertaken, and in this way meet the demands for safe and efficacious future vaccines, in particular for needle-free mucosal vaccines.
RESULTS

Global gene expression in CT-exposed B cells
We used the Affymetrix microarrays (Affymetrix, Santa Clara, CA) to investigate the pleiotropic effects of CT on gene expression in targeted B cells. To ensure a homogenous target cell population, we chose to work with a well-defined B cell that was selected from a panel of different murine B-cell lines. Cells were stimulated in vitro with CT for 2 and 8 h. Three separate experiments were carried out, and total RNA was isolated from the respective samples and converted into biotinylated cRNA and analyzed on Affymetrix GeneChip expression arrays. To identify differentially regulated genes after CT exposure, we used the dChip method. Genes were considered to be significantly regulated if they demonstrated fold changes ≥ 1.9 ( P ≤ 0.05) and a difference of the mean ≥ 100 as compared with that of untreated B cells in at least two separate experiments. These are considered stringent selection criteria. The initial screening of genes affected by CT showed a total of 99 annotated genes that were regulated, of which a majority (61 genes) were upregulated and a minority (38 genes) were negatively regulated. CT increased the expression of 27 genes in X16C8.5 B cells at 2 h of stimulation ( Table 1 ), whereas at 8 h of CT stimulation, 50 upregulated annotated genes were recorded as compared with the gene expression levels of untreated B-cell controls ( Table 2 ) . Of the latter genes, 16 of these were also upregulated at 2 h. Thus, within the two time points of this study, CT appeared to induce kinetically distinct genes as well as genes with a more prolonged upregulated expression. It is noteworthy that CT-exposed B cells exhibited enhanced expression of genes encoding transcription factors, G proteins, cell-cycle regulators, and membrane-expressed molecules, such as the costimulatory molecule CD86. Hence, functionally very different gene families were represented among the upregulated genes, both at 2 and 8 h after CT stimulation.
Identification of functional clusters of CT-regulated genes in B cells
Next, we undertook hierarchical clustering of the CT-regulated genes. We used the UPGMA (Unweighted Pair-Group Method with Arithmetic mean) similarity method with correlation distance on the gene expression data from 2 and 8 h after CT exposure as compared with data from untreated B cells cultured only in medium for the same time periods. The analysis demonstrated that a total of nine clusters could be identified. Four of them were dominating, I, II, V, and IX, hosting genes of potential association with an adjuvant function ( Figure 1 ) . Genes in cluster I showed an upregulated expression level at both 2 and 8 h. In this cluster, genes encoding transcription factors / cofactors, G proteins / regulators, cell surface proteins, proteins affecting cell proliferation, and a structural protein were identified. It is noteworthy that some of these genes belong to the family of immediate-early genes, such as RGS2, CREM, and G-13, which are Abbreviations: CT, cholera toxin; N.D., the probe set was not detected as regulated in this experiment; N.P., the probe set is not present on this chip type.
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Results from three independent experiments using X16C8.5 B cells and CT (0.1 g / ml) are shown (I, II, and III). The following chips were the MG-U74 (I), the MG-U74v2 (II), and the MG-U74Av2 (III) chip. Increases in gene expression were determined using dChip software, in which the selection criteria were set to; P -0.05, fold change . 1.9, and difference of mean . 100, and the genes had to be present in . 2 experiments. Only one upregulated expressed sequence tag (EST) without homology to any annotated gene was found in all three experiments . 
rapidly induced after stimulation. In contrast, genes in cluster II appear to be only transiently induced by CT and were found exclusively upregulated at 2 h. Genes in this cluster included JunB, TIS21 / BTG2, NR4A1 / Nur77 / N10 / TIS1, and Nfil3 / E4BP4. Cluster V genes were upregulated only at 8 h, and displayed a delayed onset ( Figure 1 ). In addition, in this cluster, we found Abbreviations: CT, cholera toxin; N.D., the probe set was not detected; N.P., the probe set is not present on this chip type.
Results from three independent experiments using X16C8.5 B cells and CT (0.1 g / ml) are shown (I, II, III). The following chips were used; the MG-U74v2 (I) and the MG-U74Av2 chip (II -III). Increases in gene expression were determined using dChip software. The selection criteria were set to, P -0.05, fold change . 1.9, and difference of mean . 100, and the genes had to be present in . 2 experiments. Only two upregulated ESTs without homology to any annotated gene were found in II and III.
not only genes encoding transcription factors / cofactors, cell surface proteins, proteins affecting cell proliferation but also proteins involved in metabolism, cation transport, structural proteins, and a proteinase inhibitor. In contrast, genes in cluster IX varied in their expression at 2 h, but all were downregulated at 8 h. In this cluster, we found annotated genes encoding, 
e.g., immunoglobulin heavy chain 6 NFATc1 and Cyclin G2 ( Figure 1 ). To validate the microarray data, we selected 23 genes that were distinctly upregulated and undertook real-time (RT)-PCR analysis of mRNA from CT-exposed or untreated control B cells (A Sj ö blom-Hall é n, unpublished observation). The expression pattern of these genes mimicked closely that observed in the microarray analysis and, thus, we conclude that the transcriptome data perfectly matched the RT-PCR data, confirming the high quality of the analysis.
CT promotes transcription of the STAT3 gene
As we searched for gene regulations that could reconcile the earlier findings of anti-inflammatory and proinflammatory effects by CT, we focused on the STAT3 gene expression. This finding was also confirmed by RT-PCR analysis using STAT3-specific primers. We consistently observed 7 -8-fold higher STAT3 gene expression at 8 h compared with unstimulated X16C8.5 B cells at this time ( Figure 2 ) . At 2 h, we detected a two-fold ( P < 0.05) increase compared with unstimulated control cultures. As CT has been found to stimulate both IL-6 and IL-10 production in mononuclear cells and both these cytokines can induce STAT3 in B cells, we concomitantly analyzed whether IL-10 and IL-6 were produced in these cultures. However, we found no production of these cytokines by X16C8.5 B cells after CT exposure ( Figure 2 ). In contrast, in LPS-stimulated X16C8.5 B cells, CT evoked significant IL-6 production, whereas IL-10 levels were dramatically reduced ( Figure 2 ). These data agree well with the failure to annotate IL-6 or IL-10 in the transcriptome and with previous reports showing that CT alone fails to induce IL-6 or IL-10 production by B cells. 13 
Augmented STAT3 responsiveness to IL-6 and IL-10 in CT-treated B cells
To also verify that, at the protein level, CT promoted STAT3 gene expression, we stimulated X16C8.5 B cells and assessed intracellular STAT3 levels using antibodies specific for the -and -isoforms in western blotting. A dose-response analysis with CT was performed and the results were compared with those of the enzymatically inactive CTB to address whether the effects observed were enzyme-dependent or independent. As shown in Figure 3a , we detected a strong dose-dependent augmented production of STAT3 protein, both -and -isoforms, in response to CT at 8 h, whereas no significant effect was seen at 2 h or with CTB. This result argued in favor of an adenosine diphosphate ribosyltransferase-dependent effect of CT ( Figure 3 ). Next, we analyzed whether CT-exposed B cells were more responsive to limiting concentrations of IL-6 and IL-10. To this Expression levels of STAT3 and STAT3 were analyzed by western blot using specific Mabs, and filters were also stripped and reprobed with anti-PKB Mabs to control for equal loading. ( b ) STAT3 and STAT3 levels in X16C8.5 B cells treated with 0.1 g / ml CT or 1 g / ml CTB, respectively, were quantified and normalized to protein kinase B (PKB) levels and expressed as fold induction. ( c ) X16C8.5 B cells w / wo CT at 0.1 g / ml for 8 h were extensively washed and subjected to IL-6 (40 -5,000 U / ml) or IL-10 (1 -200 ng / ml) for 15 min and the level of STAT3 activation (P-STAT3) and expression (pan-STAT3) were analyzed and equal loading is shown by anti-pan-PKB antibodies. Three independent experiments producing similar results were performed. * Indicates statistical significance at P < 0.05 above unstimulated control cells. CT, cholera toxin; IL, interleukin; STAT, signal transducer and activator of transcription.
end, X16C8.5 B cells were pretreated with CT for 8 h, and after extensive washing, cells were exposed to a dose range of IL-6 or IL-10 for 15 min and subsequently analyzed for STAT3 phosphorylation as a sign of activation. We found increased sensitivity to both these cytokines and even low levels of IL-6 or IL-10 effectively activated STAT3 in CT-treated X16C8.5 B cells ( Figure 3 ). This enhanced susceptibility to IL-10 and IL-6 was not due to enhanced receptor expression on B cells, as we failed to observe any change in either IL-10R or IL-6R expression in CT-treated B cells (not shown). Furthermore, CT also affected STAT3 levels in normal B cells after intravenous injections of 1 g of CT in T-cell-deficient (nu / nu) mice. We found that sorted B cells from nu / nu mice showed significantly increased STAT3 phosphorylation as well as enhanced STAT3 levels, as compared with that found in B cells from untreated mice ( Figure 4 ). This was most evident in B cells at 24 h, and was also found in B cells at 8 h after CT administration (not shown). Thus, we found evidence that CT affected levels and activation of STAT3 in both cultured B cells and in normal mouse B cells isolated from in vivo CTtreated mice. Importantly, CT promoted an enhanced sensitivity in B cells for STAT3 activation by limiting concentrations of IL-6 and IL-10.
Functional impact of CT-induced STAT3 on B-cell differentiation
Whereas not all effects of IL-6 on B-cell differentiation have been linked to STAT3, in contrast, the effects of IL-10 are considered STAT3 dependent. 25, 26 Therefore, we focused on IL-10 and assessed to what extent CT treatment of normal highly enriched splenic B cells affected the outcome of IL-10 treatment in LPS or anti-CD40 mAb-stimulated CD19 + B cells ( > 97 % purity). We found that B cells treated with CT exhibited a higher level of phosphorylated STAT3 in response to IL-10 than did B cells cultured in the absence of CT ( Figure 5a ). Furthermore, we observed a more pronounced reduction in proliferation in response to IL-10 in LPS-stimulated cultures in the presence of CT, whereas CT and IL-10 treatment had no effect on anti-CD40 Mab-driven B-cell proliferation or IgG1 differentiation ( Figure 5b and c ) . In contrast, CT and IL-10 used alone had only a minor effect in reducing LPS-driven B-cell proliferation ( Figure 5b ). Similar to what was shown in Figure 2 , CT promoted significantly enhanced IL-6 production by LPS-treated B cells. In addition, other proinflammatory factors, such as MIP1 (macrophage inflammatory protein 1 ) and RANTES were found to be upregulated in these cultures as well (not shown). However, the addition of IL-10 to the cultures reduced the IL-6 (as well as MIP1 or RANTES) levels by nearly 85 % ( Figure  5c ). Thus, inhibition of cytokine production by IL-10 was more pronounced in the presence of CT compared with untreated LPS-stimulated B-cell cultures ( Figure 5c ). This inhibition of IL-6 production was IL-10 dose dependent in the presence of CT (not shown). The immunomodulating effect of CT on B-cell differentiation could also be assessed at the level of isotype differentiation. Our previous studies had documented an impact of CT on IgG1 differentiation, in particular, in the context of IL-4. 10 In this study, we analyzed IgG1 production by LPS-stimulated B cells after addition of CT or IL-10 or the combination of the two. Whereas IL-10 promoted increased IgG1 production, the combination with CT was much more effective in enhancing IgG1 
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production in these cultures ( Figure 5d ). Thus, the regulatory role of IL-10 on B-cell isotype differentiation was augmented in CT-treated and LPS-stimulated B cells.
CT also promotes STAT3 activation and gene transcription in mucosal B cells
Given that CT augmented IL-10 functions in splenic B cells concomitant with an increase in STAT3 gene transcription, we investigated whether this phenomenon also related to mucosal B cells. To this end, we isolated and highly enriched B cells from Peyer ' s patches (PPs) and cultured these cells in the presence of IL-10 and CT. In addition, with PP B cells, we observed significant STAT3 activation, and especially the combination of IL-10 with CT produced a strong upregulation of STAT3 phosphorylation in PP B cells as assessed by fluorescence-activated cell sorting (FACS) ( Figure 6a ). Furthermore, PP B cells cultured with IL-10 and CT had significantly higher expression of STAT3 mRNA than did cells cultured with either stimulant alone ( Figure 6b ). The membrane expression of IL-10R in PP B cells, as assessed by FACS, did not change after CT exposure (not shown). Finally, when PP B cells were cultured in the presence of IL-10 and CT, they produced more IgA than LPS-driven cultures with either factor alone ( Figure 6c ). Thus, CT affected mucosal B cells similar to that found with splenic B cells, arguing in favor of that STAT3 is a key element in CT ' s immunomodulating effects on B cells and could also be the critical denominator for the seemingly conflicting earlier reports on concomitant proinflammatory and anti-inflammatory effects by CT.
DISCUSSION
This study is the first to investigate global gene regulation in B cells after exposure to CT adjuvant. 27 Previous studies have documented effects by CT or E. coli labile toxin (LT) or derivatives of these holotoxins on mixed populations of human blood mononuclear cells or whole mouse lung tissues. 28, 29 Our results both confirm and conflict with these reports, as will be discussed. However, a key and unique observation in this study is our finding that CT regulates STAT3 gene expression. A consequence of this is likely an increased susceptibility to regulatory cytokines such as IL-10 and IL-6, providing a molecular mechanism to partly explain the seemingly contradictory proinflammatory and anti-inflammatory effects of CT reported in earlier studies. 15, 30 Whereas STAT3 is essential for all anti-inflammatory effects of IL-10, it has also gained increasing attention as a critical regulator of This effect appeared to be cAMP dependent as no change in STAT3 protein levels was observed after treatment with CTB, the receptor-binding element of CT holotoxin, lacking the cAMP-inducing A1 subunit. 39 This agrees well with a recent report showing that activators of Gs -coupled receptors can directly stimulate STAT3 phosphorylation in human embryonic kidney cells (HEK293), a mechanism that was dependent on protein kinase A, JNK, and phophatidylinositol 3-kinase. 40 As the A1 subunit of CT-holotoxin activates Gs , we propose that CT increased intracellular STAT3 protein and phosphorylation levels in B cells through a Gs -mediated pathway and that this process was cAMP dependent in analogy with the effects observed by Liu et al. , 40 when using cAMP analogs or forskolin in HEK293 cells. In this study, we extend the information by showing that CT exposure also affects STAT3 gene transcription, arguing that CT probably mediates this effect by increasing intracellular cAMP. Whether there is a cAMP-responsive element in the promoter region of the STAT3 gene is currently debated. 16 However, we favor this interpretation rather than secondary transcriptional effects on the STAT3 gene, such as those induced by, e.g., IL-6 or IL-10 receptor signaling, because, first, we found significantly enhanced STAT3 gene transcription despite no detectable IL-6 or IL-10 produced by X16C8.5 cells, and second, CT exposure affected gene transcription already after 2 h, when LPS-induced IL-6 and IL-10 production in B cells was undetectable or very low (ASH, unpublished observation).
The biological consequence of CT treatment of B cells could be enhanced susceptibility to IL-10-mediated regulation, as shown in this study by dramatically augmenting IL-10-induced inhibition of LPS-driven proliferation and cytokine production. In contrast, the IgG1-or IgA-promoting effect of IL-10 was further enhanced by exposure to CT, resulting in almost 100 % increased IgG1 or even more for IgA production in culture. It is probable that this effect of CT relates to our previous documented effect of CT on IL-4 plus LPS-driven B-cell isotype differentiation from IgM to IgG1. 10 Thus, it appeared that CT, by augmenting STAT3, significantly modulated both splenic and mucosal PP B-cell responses to IL-10. 32 We also found that B cells pretreated with CT showed enhanced activation (phosphorylation) 
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of STAT3 when exposed to even low levels of IL-10 in vitro . It is noteworthy that, in anti-CD40 Mab-driven B-cell proliferation, we observed no inhibitory effect of IL-10 and subsequently CT exerted no modulating effect in this system, suggesting that STAT3 was not involved. Moreover, we found no effect of CT and IL-10 on IgG1 production in the anti-CD40 Mab-driven cultures. This observation also supports our finding that CT did not simply upregulate IL-10R or IL-6R in B cells, but rather affected the intracellular signal transduction pathway by upregulating STAT3. Importantly, CT affected STAT3 gene expression and both alternatively spliced STAT3 and STAT3 isoforms were more abundant in murine B cells. 41 What the functional implication of this is can presently only be speculated as the isoforms have been ascribed unique and specific functions. 42 A characteristic of STAT3 is its capacity to activate different sets of genes in different cell types, and with the two isoforms, the complexity of this system is well appreciated. 43 Several cytokines are known to signal through STAT3, among them are IL-6 and IL-10. 17 In particular, the anti-inflammatory effects of the latter have been found to be critically dependent on STAT3, but whether this effect is mediated by the -or -isoform or by both isoforms is still debated. 42, 43 On the other hand, other functions, such as responsiveness to IL-6 in macrophages, appear more restricted to STAT3 . 41 The role of STAT3 in B cells is only beginning to emerge. 25 We observed enhanced IL-6 production by LPS-stimulated B cells after exposure to CT, which is in line with previous reports using macrophages or DCs. 12 Whether this enhanced production of LPS-stimulated IL-6 involved STAT3 cannot be concluded from this study. However, in analogy with what has been reported for macrophages, a differential effect of CT on STAT3 more than STAT3 (partly supported by our data in Figures 4 and 5 ) could possibly account for the augmenting effect on IL-6 production concurrent with a reduced IL-10 production ( Figure 3 , X16C8.5 cells) and the strengthened inhibitory effect of IL-10 that we observed in the presence of CT in LPS-stimulated B cells ( Figure 6 ). 41 Global gene profiling showed that CT upregulated several other genes that encode proteins with diverse and critical functions, impacting on the immune system, which could also be part of the immunoenhancing functions of CT in vivo . In this list of genes, we find early-response genes, and genes involved with transcription, cell-cycle control, and membrane signaling, which is in agreement with the studies by Royaee et al. 29 However, at striking variance with their study, we found less than half ( < 100 genes) as many genes to be regulated by CT exposure. This may be because we analyzed B cells exclusively, whereas Royaee et al. investigated a mix of lymphocytes and monocytes. Moreover, we failed to detect a direct effect of CT on proinflammatory cytokine genes as reported by Royaee et al. , but we clearly observed an upregulating effect on the costimulatory genes encoding CD83 and CD86, in agreement with previous reports. 11, 29 This can perhaps also be explained on the basis of the selection of target cells, B cells, or the mix of cells, for assessing the effects of CT, as gene transcriptional effects of CT on proinflammatory cytokines genes, IL-1 and IL-6, have previously been reported with DCs as well as epithelial cells by others. 13, 44 It is noteworthy although that the presence of contaminating small amounts of endotoxin could also have accounted for the differences observed. 13 Cong et al. 12 found that IL-6 production by macrophages was partly impaired by the concomitant production of IL-10, as anti-IL-10 antibody further enhanced IL-6 production. Given the role of CT on the regulation of STAT3 gene expression in B cells demonstrated in this study, we may speculate that the inhibitory effect of IL-10 in macrophages could also have been due to an increased sensitivity of the STAT3 pathway as a consequence of CT-enhanced STAT3 gene expression. Ongoing studies in macrophages will further evaluate this idea. Notwithstanding this, in this study, we showed that one important pathway for CT immunomodulation is mediated by STAT3 signaling in B cells. In addition, we clearly showed that this immunomodulating effect of CT results in enhanced susceptibility for STAT3-regulated actions of IL-10 both in splenic and mucosal B cells leading to augmented IgG1 and IgA antibody production. We expect that this finding together with further analysis of molecular events underlying the adjuvant action of CT will pave the way for a better understanding of key molecular components of immunomodulation and for the future development of much improved mucosal vaccines.
METHODS
Mice . Six-week-old female nu / nu mice (C57BL / 6) from the Jackson Laboratory (Maine, MA) were used. 46 The selection criteria were CT induction of intracellular cAMP increases and upregulated expression of membrane CD80 and CD86. 47 Target cells were stimulated with CT at 0.1 g / ml for 24 h and analyzed by FACS for expression of membrane molecules (BD Biosciences, San Jose, CA). CT-induced increases in intracellular cAMP were determined by ELISA (enzyme-linked immunosorbent assay) (Amersham Biosciences, Little Chalfont, England) according to the manufacturers ' instructions. FACS analysis, cell proliferation, IgG1, IgA, and cytokine ELISA . Cells were stimulated with CT at 0.1 g / ml, IL-10 at 100 ng / ml, or the combination for 24 h and analyzed by FACS (BD Biosciences) for the level of phosphorylated STAT3 using the specific antibody (phospho-STAT3 / Y705, BD Biosciences) and isotype-control antibodies (BD Biosciences). Membrane expressions of IL-10R and IL-6R were detected by phycoerythrin-labeled CD126-and CD210-specific antibodies (BD Biosciences), respectively. Highly enriched CD19 + splenic or PP B cells from nu / nu mice were cultured in 96-well microtiter plates (Nunc) for 3 days in medium or with LPS at 10 g / ml w / wo CT at 0.1 g / ml and w / wo IL-10 at 100 ng / ml (R & D Systems). B-cell proliferation was determined using a -scintillation counter (Beckman Coulter, Bromma, Sweden) after addition of [ 3 H]Thymidine (Amersham Biosciences) for the last 6 h of culturing. Supernatants were collected after 72 h of culturing and stored at − 70 ° C until assayed. Cytokine and chemokine production was determined using ELISA specific for IL-6 or IL-10 using the Duoset (R & D Systems) or antibodies against MIP1 or RANTES (BD Biosciences) as described earlier. 48 The concentrations of the cytokines or chemokines were calculated from standard curves generated with recombinant cytokines. The sensitivity for detection of IL-6 or IL-10 was 5 pg / ml. Cultures were allowed 5 days before assessing the IgG1 or IgA production. 49 Expression profiling . Three separate experiments were performed with X16C8.5 B cells and CT at 0.1 g / ml for 2 or 8 h. Anti-sense cRNA preparation was carried out as recommended by Affymetrix. In brief, total RNA was obtained by Trizol reagent (Life Technology, Invitrogen), RNA was then purified by RNeasy columns (Qiagen, Hilden, Germany), and thereafter converted into cDNA by using a T7 promoter-polyT primer and the reverse transcriptase Superscript II (Gibco-BRL / Invitrogen), followed by a second-stranded cDNA synthesis into ds cDNA (Gibco-BRL / Invitrogen). This ds cDNA was cleaned up in a phase-lock gelphenol / chloroform extraction (Eppendorf, Bergman & Beving, Uppsala, Sweden), the ds cDNA was precipitated, in vitro transcribed into biotinylated cRNA (Enzo Diagnostics, NY, NY), and the resulting cRNA was passed over RNeasy columns (Qiagen). This cRNA was then fragmented into 50 -200 bp length by incubating it for 35 min at 94 ° C in 40 m m Trisacetate, pH 8.1, 100 m m potassium acetate, 30 m m magnesium acetate. The target for hybridization was prepared by combining 0.05 g / l fragmented cRNA, 50 pM control oligonucleotide B2, control cRNA cocktail containing BioB, BioC, BioD, and cAMP-responsive element at concentrations of 1.5, 5, 25, and 100 p m , respectively, 0.1 mg / ml of sonicated herring sperm DNA, 0.5 mg / ml of acetylated bovine serum albumin, 100 m m 2-(N-morpholino) ethanesulfonic acid buffer (MES), 1.0 m NaCl, 20 m m EDTA, and 0.01 % Tween 20. The target was heated for 5 min at 99 ° C, then transferred to 45 ° C for 5 min, and spun down, and the liquid upper phase was allowed to hybridize for 16 h at 45 ° C and 60 r.p.m. to a set of either MG-U74A chips A, MG-U74B, and MG-U74C chips, or MG-U74Av2, MG-U74Bv2, and MG-U74Cv2 chips, or only MGU74Av2. After hybridization, the chips were washed and stained with streptavidin -phycoerythrin (Molecular Probes, Eugene, OR) according to the EukGE-WS2v3 program (Affymetrix). The fluorescence intensity was read using a confocal scanner and analyzed with the MicroArray Suite 4.0 (MAS 4.0) Gene Expression analysis program (Affymetrix).
Data analysis . The resulting CEL files from the MAS 4.0 evaluation were further analyzed with the dChip method, which can be obtained at http:// biosun1.harvard.edu/Idchip.exe . The dChip method is a software package implementing model-based expression analysis of oligonucleotide arrays, including comparative analysis and hierarchical clustering. The following filters were used to select the probe sets potentially influenced by CT: P -0.05, fold change . 1.9, difference of mean . 100, and the probe set had to be present in at least two of the three experiments. The values listed in Tables 1 and 2 are means of the resulting fold-change values at 2 or 8 h of CT stimulation as compared with unstimulated controls.
In the hierarchical clustering, UPGMA was used with correlation distance, which was supplied with the Spotfire program (TIB, Sommerville, MA). Before clustering of the genes, the variables were standardized within the respective experiments in dChip and then selected for variables likely to be regulated by CT with the following selection criteria: P -0.05, fold change . 2.0, and difference of mean . 200. The selected variable intensities were then transformed to the respective logarithmic values. The mean of the logarithmic intensities for unstimulated B cells at 2 and 8 h was calculated, and the mean fold change calculated for each gene for all the three experiments was then used for clustering.
RT-PCR . Total RNA that was prepared for DNA array investigations was also used in RT-PCR experiments. After Trizol extractions of the RNA DNase I treatment removed any contaminating DNA (DNA-free Ambion, Intermedica, Stockholm, Sweden), cDNA was obtained by the Superscript first-strand synthesis system for RT-PCR (Gibco-BRL / BRL). RT-PCR was then performed using the cDNA and SYBR Green PCR Master Mix on an ABI PRISM 7700 Sequence Detection System according to the manufacturer ' s recommendations (both from Applied Biosystems, Foster City, CA). All PCR products were then size determined by gel electrophoresis, and the relative amounts of PCR product in the different RNA preparations were evaluated by comparison with the expression of the housekeeping 36B4 gene in the same samples. The primer sequences for the STAT3 gene were as followswith forward primer followed by reverse primer; GGGCATTTTTATGGCTTTCAAT and GTTAACCCAGGCACACAGACTTC, respectively.
Detection of STAT3 by western blot . Cells samples were prepared and subjected to western blot analysis as described previously. 50 For analysis of IL-6-and IL-10-stimulated (R & D Systems) activation of STAT3, cells were pretreated w / wo 0.1 g / ml of CT for 8 h and after washing stimulated for 15 min by a dose range of IL-6 or IL-10 as indicated. Cell extractions were purified and subjected to western blot analysis. Anti-STAT3 antibody ( # 9132, Cell Signalling Technology, Stockholm, Sweden) and antiphospho-STAT3 (Tyr705) antibody ( # 9131, Cell Signalling Technology) were used to detect STAT3 (86 kDa) and STAT3 (79 kDa) activation and expression levels, respectively. Data were quantified using a CCD camera and Chemidoc XRS system (Bio-Rad Laboratories, Hercules, CA) and analyzed by Quantity One software (Bio-Rad Laboratories). For quantification, specific signals were visualized by Immun-Star Chemiluminescence (Bio-Rad Laboratories).
Statistical analysis . Comparisons between treatment groups were performed with the Mann -Whitney test using the SPSS 13.0 software (SPSS, Chicago, IL). All reported P -values are two-sided and values < 0.05 were considered to indicate statistical significance. P < 0.05 ( * ).
